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NON-DESTRUCTIVE WRITE/READ
LEVELING

RELATED APPLICATION

This application 1s a divisional of U.S. application Ser.

No. 15/041,247, filed on Feb. 11, 2016. Application Ser. No.
15/041,247 1s a continuation of U.S. application Ser. No.

14/463,369, filed on Aug. 19, 2014, which issued as U.S.
Pat. No. 9,275,715 on Mar. 1, 2016. This application and
application Ser. Nos. 15/041,247 and 14/263,369 claim
priority to U.S. Provisional Application No. 61/868,221 to
Andre, enfitled “Non-Destructive Write/Read Leveling
Using User Accessible Register,” filed Aug. 21, 2013. The
contents of application Ser. Nos. 15/041,247, 14/463,369,
and 61/868,221 are incorporated herein by reference in their
entirety.

BACKGROUND

When a memory device 1s activated, the memory device
may perform a calibration or an mitialization sequence. The
calibration or mitialization sequence may require reading
and writing test data to and from multiple memory arrays.
Unfortunately, 1n some types of memory devices, the writing,
or reading of test data to the memory arrays during the
calibration or initialization sequence may result in uninten-
tional overwriting of data stored in the memory arrays.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description 1s described with reference to the
accompanying figures. In the figures, the left-most digit(s) of
a reference number 1dentifies the figure 1n which the refer-
ence number first appears. The use of the same reference
numbers in different figures indicates similar or identical
components or features.

FIG. 1 1llustrates an example block diagram of select
components of a memory device including non-volatile
memory arrays and volatile memory arrays for preventing
reads/writes to the non-volatile memory arrays during cali-
bration or initialization of the memory device.

FI1G. 2 1llustrates another example block diagram of select
components ol a memory device for preventing reads/writes
to the non-volatile memory arrays during calibration or
mitialization of the memory device.

FIG. 3 illustrates yet another example block diagram of
select components of a memory device for preventing reads/
writes to the non-volatile memory arrays during calibration
or 1nitialization of the memory device.

FIG. 4 1s a flow diagram showing an illustrative process
for performing write based calibration or write based 1ni-
tialization of a memory device and maintaining data stored
in one or more non-volatile memory arrays.

FIG. 5 15 a flow diagram showing an illustrative process
for performing read based calibration or read based 1nitial-
ization of a memory device and maintaining data stored 1n
one or more non-volatile memory arrays.

DETAILED DESCRIPTION

This disclosure includes, 1n part, techniques and 1mple-
mentations to 1mprove the reliability of memory devices.
For example, this disclosure includes improved systems and
methods for imitializing or calibrating memory devices
including non-volatile or “permanent” storage capable of
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maintaining data when a power supply 1s deactivated (e.g.,
magnetic memories or magnetic random access memories or
MRAMSs).

In general, memory devices, such as random access
memories (RAMs) perform a calibration or initialization
sequence to adjust the timing requirements associated with
reading data from the memory device and writing data to the
memory device. The initialization process may involve
calibrating a write time and a read time by, for example,
writing and reading predetermined data sets into the memory
arrays. Unfortunately, in some cases, memory devices that
include non-volatile memory arrays may be utilized by an
clectronic device to store executable code and persistent
data, 1n addition to or 1n lieu of the electronic device’s disk
drives, as memory devices that include non-volatile memory
arrays are also capable of maintaining data when the power
supply 1s deactivated.

When the non-volatile memory arrays store executable
code or data intended to persist through the deactivation of
the memory device, the executable code or persistent data
may be partially or completely overwritten by the calibration
data during the mitialization sequence, potentially resulting
in errors, loss of data, and/or data corruption. Therefore, 1n
some 1mplementations described herein, an individual non-
volatile memory array 1s paired with a volatile memory
array, such that data may be read from and written to the
volatile memory array during the calibration or mnitialization
process without overwriting the data stored in the non-
volatile memory arrays. In some cases, the memory devices
may be configured to include control circuitry that may route
activate and precharge commands to the non-volatile
memory arrays and may route read and write commands to
the volatile memory arrays. In this manner, data may be
transierred to and from the non-volatile memory array to the
volatile memory array and to and from the volatile memory
array to a cache or other external location and the calibration
or mitialization sequence of the memory device may be
performed via read and write commands 1ssued to the
volatile memory arrays without aflecting the data stored in
the non-volatile memory arrays.

In other implementations, the memory device may be
configured to include one or more registers to activate and
deactivate a non-destructive write mode and/or a non-
destructive read mode to prevent overwriting of data stored
in the non-volatile memory arrays. For example, the
memory device may iclude one or more user accessible or
programmable registers that may allow a user or external
source to configure the non-destructive write mode and/or
the non-destructive read mode of operation for the memory
device. In some cases, 1n addition to preventing read/write
access during the mitialization or calibration process, the
user may utilize the register to place the memory device mnto
the non-destructive write mode and/or a non-destructive
read mode during standard operations of the memory device
(for example, to test the memory device).

In other examples, the memory device may be configured
to default to the non-destructive write mode (for instance,
via a initialization register), in response to a power up of the
memory device and to exit the non-destructive write mode
following a signal from control circuitry indicating that the
calibration or initialization sequence 1s complete. In some
examples, the register may include one or more mitialization
or mode registers, one or more user or externally accessible
registers, one or more tlip flops, latches, or other storage
clements.

In some implementations, the status of the non-destruc-
tive write mode and/or a non-destructive read mode may be
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controlled by a state machine that implements the operations
of disabling reading and/or writing data to/from the non-
volatile memory arrays. For example, the state machine may
set one or more values based on the status of the initializa-
tion or calibration sequence, the state of the power supply,
and/or the state of the memory device.

In some particular implementations, the one or more
registers controlling access to the non-volatile memory
arrays may be placed within a data path and/or configured to
operate with circuitry associated with normal operations of
the memory device, such as data paths, command line paths,
and/or addressing circuitry. For example, the registers may
be located on the command line path between the control
circuitry and each of the non-volatile memory arrays.

FIG. 1 1llustrates an example block diagram of select
components of a memory device 100 including and non-
volatile memory arrays 108, 110, and 112 and volatile
memory arrays 102, 104 and 106 for preventing read/writes
to the non-volatile memory arrays 108, 110, and 112 during
calibration or initialization of the memory device 100. In
some examples, the memory device 100 may 1include remov-
able and/or non-removable media implemented in various
types ol technology for storage of information such as
computer-readable mstructions or modules, data structures,
program modules or other data. Such computer-readable
media may include, but 1s not limited to, RAM, ROM,
EEPROM, flash memory or other computer-readable media
technology, solid state storage, RAID storage systems, stor-
age arrays, network attached storage, storage area networks,
cloud storage, or any other medium that may be used to store
information. In some particular implementations, the non-
volatile memory array may include elements of magnetic
memories or magnetic random access memories (MRAMSs),
such as magnetic memory cells or magnetic disk storage.

In general, the memory device 100 may be an example of
tangible non-transitory computer storage media including
both temporary or volatile memory arrays 102, 104, and 106
and permanent or non-volatile memory arrays 108, 110, and
112. In the illustrated example, each of the non-volatile
memory arrays 108, 110, and 112 are associated with a
corresponding one of the volatile memory arrays 102, 104
and 106, such that when data that 1s stored 1n the non-volatile
memory arrays 108, 110, and 112 1s being accessed by an
external source 114 (e.g., one or more circuits associated
with the electronic device accessing the memory device 100)
the data may first be stored in the corresponding or associ-
ated volatile memory arrays 102, 104, and 106 to protect the
data stored in the non-volatile memory arrays 108, 110, and
112 from inadvertent or unnecessary modifications and/or
deletions. For example, the non-volatile memory array 108
(identified as “Non-Volatile Memory Array(1)”) 1s associ-
ated with the volatile memory array 102 (identified as
“Volatile Memory Array(1)”).

In the illustrated example, three non-volatile arrays 108,
110, and 112 and three associated volatile memory arrays
108, 110, and 112 are shown. However, 1t should be under-
stood that the memory device 100 may be arranged with an
alternative number of non-volatile memory arrays and an
alternative number of volatile memory arrays. Additionally,
in some 1mplementations, there may not be a one to one
correspondence between the non-volatile memory arrays
and the volatile memory arrays. For instance, a single
volatile memory array may be associated with two or more
non-volatile memory arrays, such that when data 1s read
from the corresponding non-volatile memory arrays the data
1s copied or transierred to the volatile memory array before
the external source 114 1s permitted to access or edit the data.

10

15

20

25

30

35

40

45

50

55

60

65

4

For example, volatile memory array(1) 102 may be associ-
ated with both non-volatile memory array(1) 108 and non-
volatile memory array(2) 110.

In some examples, the control circuitry 116 1s configured
to receive various commands from the external source 114.
For example, the external source 114 may issue activate
commands to cause data stored in the non-volatile memory
arrays 108, 110, and 112 of the memory device 100 to be
loaded 1nto the associated volatile memory arrays 102, 104,
and 106 and/or 1nto one or more caches (not shown) acces-
sible to the external source 114. In other examples, the
external source 114 may 1ssue precharge commands to cause
the data stored 1n the volatile memory arrays 102, 104, and
106 or 1n the cache accessible to the external source 114 to
be written back into the non-volatile memory arrays 108,
110, and 112 1n order to prepare the cache for receiving
another block of data. In some examples, the control cir-
cuitry 116 may receive a read command and/or a write
command from the external source 114 to access and/or
modily the data stored in the volatile memory arrays 102,
104, and 106 or 1n the cache accessible to the external source
114.

In some 1implementations, a mode register associated with
the control circuitry 116 may be configured to activate and
deactivate a non-destructive write mode and/or a non-
destructive read mode. In some examples, when the non-
destructive modes are active, data access (e.g., loads and
writes backs) between the non-volatile memory arrays 108,
110, and 112 and the volatile memory arrays 102, 104, and
106 are prevented, as indicated by dashed lines 118, 120, and
122. In this manner, the calibration or initialization sequence
may be performed by the control circuitry 116 and/or the
external source 114 by reading and writing data into the
volatile memory arrays 102, 104, and 106 without overwrit-
ing or mtroducing other errors into the non-volatile arrays
108, 110, and 112.

In other implementations, the non-destructive write mode
and/or the non-destructive read mode may be configured to
prevent operations associated with select control signals or
commands, such as the precharge and activate commands,
from being performed in conjunction with the non-volatile
memory arrays 108, 110, and 112 and/or the volatile
memory arrays 102, 104, and 106. For instance, in some
implementations, a precharge command may cause data
stored 1n the volatile memory arrays 102, 104, and 106 to be
transierred or written to the non-volatile memory arrays 108,
110, and 112. The read and write commands may allow the
external source 114 to access and/or edit the data stored 1n
the volatile memory arrays 102, 104, and 106. Thus, in some
examples, the mode register associated with the control
circuitry 116 may be configured to activate and deactivate
the non-destructive write mode and/or the non-destructive
read mode to prevent operations associated with select
control signals and/or commands from being carried out or
performed by the memory arrays 102-112.

In one particular example, when the non-destructive write
mode and/or the non-destructive read mode 1s active, the
memory device 100, the memory arrays 102-112, and/or the
control circuitry 116 may be configured to 1gnore operations
associated with the precharge and activate commands, while
performing operations associated with the read and write
commands. In this manner, the calibration or initialization
sequence may read and write data into the volatile memory
arrays 102, 104, and 106 without overwriting or introducing
other errors into the non-volatile memory arrays 108, 110,
and 112. In some particular implementations, the non-
destructive write mode may be utilized without a non-
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destructive read mode, such that the memory device 100
may be configured to allow the data to be loaded from the
non-volatile memory arrays 108, 110, and 112 but prevent

data from being written back to the non-volatile memory
arrays 108, 110, and 112.

In some examples, the mode register configured to acti-
vate and deactivate the non-destructive write mode and/or
the non-destructive read mode may be one or more exter-
nally accessible or user programmable registers that may
allow a user or the external source 114 to set an operating
mode for the memory device 100. In some cases, 1n addition
to preventing load/write back access to the non-volatile
memory arrays 108, 110, and 112 during the mnitialization or
calibration process, the mode register may prevent access to
the non-volatile memory arrays 108, 110, and 112 during
standard operations of the memory device 100, for instance,
during a test or maintenance mode. In other examples, the
mode register may be an mnitialization register configured to
default to the non-destructive write mode and/or a non-
destructive read mode in response to a power up of the
memory device 100 and to exit the non-destructive write
mode and/or the non-destructive read mode following a
signal from the control circuitry 116 indicating that the
calibration or initialization sequence 1s complete. In some
examples, the mode register may include one or more flip
flops, latches, or other storage elements.

In some 1mplementations, the condition of the non-de-
structive write mode and/or the non-destructive read mode
may be controlled by a state machine associated with the
control circuitry 116 that implements the operations of
disabling reading data from the non-volatile memory arrays
108, 110, and 112 and/or writing data to the non-volatile
memory arrays 108, 110, and 112. For example, the state
machine may set one or more values based on the status of
the mitialization or calibration sequence, the state of a power
supply (not shown), and/or the state of the memory device
100.

In some particular implementations, the mode register
may be placed within a data path and/or configured to
operate with circuitry associated with normal operations of
the memory device, such as data paths, command line paths,
and/or addressing circuitry. For example, the register(s) may

be located on the command line path between the control
circuitry 116 and each of the non-volatile memory arrays
108, 110, and 112, as illustrated below with respect to FIG.
2.

FI1G. 2 1llustrates another example block diagram of select
components of a memory device 200 for preventing reads
and/or writes to a non-volatile memory array 202 during
calibration or imitialization of the memory device 200. In the
illustrated example, circuitry, data paths, and control paths
are shown with respect to the non-volatile memory array 202
and a corresponding volatile memory array 204. However, 1t
should be understood that the memory device 200 may
include any number of non-volatile memory arrays and
volatile memory arrays, as described above with respect to
FIG. 1.

In the illustrated example, the memory device 200
includes control circuitry 206 configured to receive activate/
precharge commands 208 and read/write commands 210
from an external source 212 accessing data stored in the
non-volatile memory array 202. In some cases, the control
circuitry 206 may include row selection circuitry, column
selection circuitry, sense amplifiers, write drivers, and/or
charge pumps, among other circuits for operating a memory
device.
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In general, the read/write commands 210 are received by
the control circuitry 206 and routed to the volatile memory
array 204, such that the external source 212 1s able to access
data 214 stored within the volatile memory array 204.
Similarly, the activate/precharge commands 208 are
received by the control circuitry 206 and routed to the
non-volatile memory array 202 via one or more registers
216.

In general, the data 214 may be transferred between the
non-volatile memory array 202 and the volatile memory
array 204. The external source 212 may be configured to
access the data 214 once the data 214 has been transferred
from the non-volatile memory array 202 and stored within
the volatile memory array 204. Thus, in some examples, the
non-volatile memory array 204 may act as a cache for
storing the data 214 while the data 1s being accessed by the
external source 212. In other examples, the external source
212 may be configured to access the data 214 when the data
214 1s stored 1 a cache (not shown), and the volatile
memory array 204 may store the data 214 while the data 214
1s being written back to or loaded from the non-volatile
memory array 202 to prevent errors which may be intro-
duced, for instance, if a power failure occurs during a write
operation associated with the non-volatile memory array
202.

The register(s) 216 may be configured to activate and
deactivate a non-destructive write mode. In some examples,
when the non-destructive write mode 1s active, the
register(s) 216 may prevent the activate/precharge com-
mands from reaching the non-volatile memory array 202,
which 1n turn may prevent the data 214 stored within the
non-volatile memory array 202 from being accessed by the
external source 212.

In some examples, the register(s) 216 may be one or more
user accessible or programmable registers to allow a user or
the external source 212 to set a write mode of operating for
the memory device 200. In other examples, the register(s)
216 may be an 1mitialization register configured to default to
the non-destructive write mode, 1n response to a power up of
the memory device 200 and to exit the non-destructive write
mode following a signal from the control circuitry 206 or the
external source 212 indicating that the calibration or initial-
ization sequence 1s complete. In some examples, the
register(s) 216 may include one or more flip tlops, latches,
or other storage elements that may be configured to decouple
the control circuitry 206 from the non-volatile memory array
202.

In the 1llustrated example, the register(s) 216 may prevent
both the activate and precharge commands 208 from reach-
ing the non-volatile memory array 202, thereby preventing
the associated activate and precharge operations from being,
performed on the non-volatile memory array 202. However,
in other examples, the register(s) 216 may be configured to
prevent the operations associated with the precharge com-
mands from being carried out at the non-volatile memory
array 202, while allowing the operations associated with the
activate commands to be carried out at the non-volatile
memory array 202 (e.g., data may be transferred from the
non-volatile memory array 202 to the volatile array 204 but
data may be prevented from being transferred from the
volatile array 204 to the non-volatile memory array 202). In
this manner, the register(s) 216 may set the non-destructive
write mode to prevent the data 214 from being written back
to the non-volatile memory array 202, while allowing the
data 214 to be loaded from non-volatile memory array 202.

While FIG. 2 depicts one or more registers 216 configured
to 1mplement a non-destructive write mode during the
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initialization or calibration process of the memory device
200, 1t should be understood that one or more registers 216
may be placed within a command path to implement the
non-destructive write mode of a memory device including
multiple non-volatile memory arrays, as illustrated below
with respect to FIG. 3.

FIG. 3 illustrates yet another example block diagram of
select components of a memory device 300 for preventing
read/writes to the non-volatile memory arrays 302, 304, and
306 during calibration or initialization of the memory device
300. As described above with respect to FIG. 2, an external
source 308 may 1ssue activate and/or precharge commands
310 that are received by control circuitry 312 of the memory
device 300. The control circuitry 312 may then route the
activate/precharge commands 310 or may 1ssue access com-
mands to one or more of the non-volatile memory arrays
302, 304, and 306.

In the 1llustrated example, one or more registers 314 are
positioned 1n a command path to implement a non-destruc-
tive write mode 1n order to prevent access or writes to data
stored 1n the non-volatile memory arrays 302, 304, and 306
when the non-destructive write mode 1s active. For example,
the memory device 300 may perform a calibration or 1ni-
tialization sequence to adjust the timing requirements with
regards to reading and writing data from the memory device
300 upon an activation or power up of the memory device
300. The calibration process involves writing and reading
predetermined data sets into the non-volatile memory arrays
302, 304, and 306. As explained above, in some cases, this
could cause the data stored in the non-volatile memory
arrays 302, 304, and 306 to be inadvertently overwritten.

In the 1llustrated example, the one or more registers 314
may prevent the activate and precharge commands 310 from
reaching the non-volatile memory arrays 302, 304, and 306
when the non-destructive write mode 1s enabled and may
allow the activate and precharge commands 310 to reach the
non-volatile memory arrays 302, 304, and 306 when the
non-destructive write mode 1s disabled. The illustrate
example also shows routing circuitry 316 configured to route
the activate and precharge commands 310 (or access com-
mands) to the corresponding non-volatile memory array
302, 304, and 306. In other examples, the routing circuitry
316 may be removed or incorporated into the control cir-
cuitry 312, for instance, when a register 314 1s associated
with each of the memory arrays 302, 304, and 306, as
described above with respect to FIG. 2.

FIG. 4 15 a flow diagram 1llustrating an example process
implementing non-destructive write mode during initializa-
tion or calibration sequence of a memory device. The
process 1s 1llustrated as a collection of blocks 1n a logical
flow diagram, which represents a sequence of operations,
some or all of which can be implemented 1n hardware,
software or a combination thereof. In the context of soft-
ware, the blocks represent computer-executable instructions
stored on one or more computer-readable media that, which
when executed by one or more processors, perform the
recited operations. Generally, computer-executable 1nstruc-
tions include routines, programs, objects, components, data
structures and the like that perform particular functions or
implement particular abstract data types.

The order in which the operations are described should
not be construed as a limitation. Any number of the
described blocks can be combined 1n any order and/or 1n
parallel to implement the process, or alternative processes,
and not all of the blocks need be executed. For discussion
purposes, the processes herein are described with reference
to the frameworks, architectures and environments
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described 1n the examples herein, although the processes
may be implemented 1n a wide variety of other frameworks,
architectures or environments.

FIG. 4 1s a flow diagram showing an 1llustrative process
400 for performing write based calibration or write based
initialization of a memory device and maintaining data
stored 1n one or more non-volatile memory arrays. In
general, a memory device may perform a write based
calibration or write based initialization sequence to adjust
the timing with regards to reading and writing data from the
memory device upon initialization or power up of the
memory device. The calibration process typically involves
writing and reading predetermined data sets into the memory
arrays. Unfortunately, 1n some cases, memory devices hav-
ing non-volatile memory arrays may be utilized by an
electronic device to store executable code, 1n addition to or
in lieu of the electronic devices disk drives, as the memory
devices are capable ol maintaining data when the power
supply 1s deactivated and the calibration process may 1nad-
vertently cause the excitable code to be overwritten, as may
external sources expect the memory arrays to be non-
initialized following power ofl periods.

Thus, 1n some cases, when the arrays of a memory device
store executable code or data intended to persist through the
deactivation of the memory device, the executable code or
persistent data may be partially or completely overwritten by
the calibration data during the mnitialization sequence, poten-
tially resulting 1n errors, loss of data, and/or corruption of the
code. Therefore, a volatile memory array may be paired with
cach of the non-volatile memory arrays in the memory
device, such that data may be loaded from and written back
to the volatile memory arrays during initialization or cali-
bration without overwriting the data stored in the non-
volatile array.

In some cases, the memory devices may be configured to
include control circuitry that may route activate and pre-
charge commands to the non-volatile memory arrays and
that may route read and write commands to the volatile
memory arrays, such that data may transferred to and from
the non-volatile array to the volatile array and to and from
the volatile array to a cache or other external location. In this
manner, the calibration or initialization sequence of the
memory device may be performed via read and write
commands 1ssued to the volatile memory arrays without
allecting the data stored 1n the non-volatile memory arrays.

In some examples, the memory device may also include
one or more registers to prevent activate and precharge
operations from being performed during initialization or
calibration. For instance, the memory device may include
one or more user accessible or programmable registers that
may allow a user or an external source to set a write mode
of operating that prevents access to the data stored in the
non-volatile memory arrays. In other examples, the memory
device may be configured to default to a non-destructive
write mode (for instance, via an initialization register), in
response to a power up of the memory device and to exit the
non-destructive write mode following a signal from control
circuitry indicating that the calibration or imitialization
sequence 1s complete. In some examples, the register(s) may
include one or more 1itialization or mode registers, one or
more user accessible registers, one or more flip tlops,
latches, or other storage elements.

At 402, the process 400 includes disabling write back to
non-volatile memory. For example, a user or an external
source may cause one or more registers to be set indicating
to the memory device that the memory device 1s 1n a
non-destructive write mode and/or a non-destructive read
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mode. In other examples, the memory device may include
one or more initialization registers that default to the non-
destructive write mode and/or the non-destructive read mode
in response to an activation of the memory device or an
associated electronic device. In some particular examples,
the register may cause the memory device to enter a non-
destructive write mode, allowing reads to be performed with
regards to the non-volatile memory arrays.

In general, when the non-destructive write mode and/or
the non-destructive read mode are enabled, the memory
device prevents access to the non-volatile memory arrays,
while allowing read and write access to volatile memory
arrays. For example, the memory device may include pairs
ol non-volatile memory arrays and volatile memory arrays,
for mstance, to assist 1n preventing errors from occurring in
the non-volatile memory arrays when a write 1s 1n progress
during a power failure or other interruption of the memory
device. Thus, 1n some implementations, the non-destructive
write mode and/or the non-destructive read mode may allow
an external source to read and write the predetermined data
sets 1nto the volatile or temporary memory arrays during the
iitialization or calibration sequence in order to calibrate
timing requirements with respect to reading and writing data
to the memory device without affecting the data stored in the
non-volatile memory arrays.

At 404, the process 400 includes performing temporary
writes to memory. For example, the memory device may
receive commands to write data, and the memory device
may allow the writes to the temporary memory arrays (e.g.,
the volatile memory arrays) and may prevent the writes to
the non-volatile memory arrays. For example, during the
calibration sequence, the external source may 1ssue write
commands to write predetermined data into the memory
device. In some examples, while the non-destructive write
mode and/or the non-destructive read mode 1s active (and
write back 1s disabled to the non-volatile memory arrays),
the memory device may route the write command to volatile
or temporary memory, thus preventing the data in the
non-volatile memory arrays from being inadvertently over-
written.

At 406, the process 400 includes performing reads to
temporary memory. For example, the memory device may
receive commands to read data, and the memory device may
allow the reads to the temporary memory arrays, while
preventing access to the non-volatile memory arrays. As
described above, during the calibration sequence, the exter-
nal source may 1ssue read commands to read the predeter-
mined data written into the memory device (at 404). In some
examples, while the non-destructive write mode and/or the
non-destructive read mode 1s active (and reads are disabled
to the non-volatile memory arrays), the memory device may
route the read command to volatile or temporary memory,
thus preventing the data 1n the non-volatile memory arrays
from being accessed. In other examples, the memory device
may disable the data transfer between the volatile or tem-
porary memory arrays and non-volatile memory arrays, such
that when the precharge and activate commands are received
by the memory device no data 1s transferred between the
temporary or volatile memory arrays and the non-volatile
memory arrays.

At 408, the process 400 1includes determining whether the
timing 1s correct. For example, the external source and/or the
memory device may determine 1f the timing 1s correct. To
illustrate, when the timing associated with reading data is
being calculated, predetermined data may be written into the
temporary memory (e.g., at 404) and then the data read from
the temporary memory array (e.g., at 406) may be compared
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with the predetermined data to determine if the timing 1s
correct. For example, with respect to the read timing, if the
data that 1s read from the temporary memory array matches
the predetermined data that 1s written to the temporary
memory array, then the timing 1s correct. If the timing 1s
correct, the process 400 may proceed to 410. However, if the
timing 1s incorrect, the process 400 advances to 412 1n order
to adjust the read timing. The process 400 then returns to
404. In this manner, the external source may calibrate the
timing requirements associated with the memory device by
reading and writing data to the temporary memory arrays
without 1nadvertently overwriting the data stored in the
non-volatile memory arrays.

At 410, the process 400 includes enabling write back to
non-volatile memory. For example, the memory device
and/or the external source may re-enable the write back to
the non-volitale memory arrays. To illustrate, the external
source may enable the write back 1n response to determining
that the write and the read timing 1s correct. In other
examples, the write back may be enabled and/or the non-
destructive write mode and/or the non-destructive read mode
may be disabled upon a completion of the calibration
sequence and/or the mitialization sequence of the memory
device. In some specific examples, the writes may be
enabled and/or the non-destructive write mode and/or the
non-destructive read mode may be disabled 1n response to
the completion of a power up or 1nitialization sequence of an
clectronic device associated with the memory device.

FIG. 5 1s a flow diagram showing an 1illustrative process
for performing read based calibration or read based initial-
ization of a memory device and maintaining data stored 1n
one or more non-volatile memory arrays. In general, a
memory device may perform a read based calibration or read
based mitialization sequence to adjust the timing with
regards to reading and/or writing data from the memory
device upon initialization or power up of the memory
device. The calibration process typically mvolves writing
and reading predetermined data sets into the memory arrays.
Unfortunately, 1n some cases, memory devices having non-
volatile memory arrays may be utilized by an electronic
device to store executable code, 1n addition to or in lieu of
the electronic devices disk drives, as the memory devices are
capable of maintaining data when the power supply is
deactivated and the calibration process may inadvertently
cause the excitable code to be overwritten, as may external
sources expect the memory arrays to be non-mitialized
following power ofl periods.

Thus, 1n some cases, when the arrays of a memory device
store executable code or data intended to persist through the
deactivation of the memory device, the executable code or
persistent data may be partially or completely overwritten by
the calibration data during the mnitialization sequence, poten-
tially resulting 1n errors, loss of data, and/or corruption of the
code. Therefore, a volatile memory array may be paired with
cach of the non-volatile memory arrays in the memory
device, such that data may be loaded from and written back
to the volatile memory arrays during initialization or cali-
bration without overwriting the data stored in the non-
volatile array.

In some cases, the memory devices may be configured to
include control circuitry that may route activate and pre-
charge commands to the non-volatile memory arrays and
that may route read and write commands to the volatile
memory arrays, such that data may transferred to and from
the non-volatile array to the volatile array and to and from
the volatile array to a cache or other external location. In this
manner, the calibration or mitialization sequence of the




US 9,978,433 B2

11

memory device may be performed via read and write
commands 1ssued to the volatile memory arrays without
allecting the data stored 1n the non-volatile memory arrays.

In some examples, the memory device may also include
one or more registers to prevent activate and precharge
operations from being performed during imitialization or
calibration. For instance, the memory device may include
one or more user accessible or programmable registers that
may allow a user or an external source to set a write mode
ol operating that prevents access to the data stored in the
non-volatile memory arrays. In other examples, the memory
device may be configured to default to a non-destructive
write mode (for instance, via an initialization register), in
response to a power up of the memory device and to exit the
non-destructive write mode following a signal from control
circuitry 1indicating that the calibration or i1mtialization
sequence 1s complete. In some examples, the register(s) may
include one or more 1nitialization or mode registers, one or
more user accessible registers, one or more flip tlops,

latches, or other storage elements.

At 502, the process 500 includes disabling write back to
non-volatile memory. For example, a user or an external
source may cause one or more registers to be set indicating
to the memory device that the memory device 1s 1n a
non-destructive write mode and/or a non-destructive read
mode. In other examples, the memory device may include
one or more initialization registers that default to the non-
destructive write mode and/or the non-destructive read mode
in response to an activation of the memory device or an
associated electronic device. In some particular examples,
the register may cause the memory device to enter a non-
destructive write mode, allowing reads to be performed with
regards to the non-volatile memory arrays.

In general, when the non-destructive write mode and/or
the non-destructive read mode are enabled, the memory
device prevents access to the non-volatile memory arrays,
while allowing read and write access to volatile memory
arrays. For example, the memory device may include pairs
ol non-volatile memory arrays and volatile memory arrays,
for mstance, to assist 1n preventing errors from occurring in
the non-volatile memory arrays when a write 1s 1n progress
during a power failure or other interruption of the memory
device. Thus, 1n some implementations, the non-destructive
write mode and/or the non-destructive read mode may allow
an external source to read and write the predetermined data
sets 1nto the volatile or temporary memory arrays during the
iitialization or calibration sequence in order to calibrate
timing requirements with respect to reading and writing data
to the memory device without affecting the data stored in the
non-volatile memory arrays.

At 504, the process 500 includes performing temporary
writes to memory. For example, the memory device may
receive commands to write data, and the memory device
may allow the writes to the temporary memory arrays (e.g.,
the volatile memory arrays) and may prevent the writes to
the non-volatile memory arrays. For example, during the
calibration sequence, the external source may 1ssue write
commands to write predetermined data into the memory
device. In some examples, while the non-destructive write
mode and/or the non-destructive read mode 1s active (and
write back 1s disabled to the non-volatile memory arrays),
the memory device may route the write command to volatile
or temporary memory, thus preventing the data in the
non-volatile memory arrays from being inadvertently over-
written.

At 506, the process 500 includes performing reads to
temporary memory. For example, the memory device may
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receive commands to read data, and the memory device may
allow the reads to the temporary memory arrays, while
preventing access to the non-volatile memory arrays. As
described above, during the calibration sequence, the exter-
nal source may 1ssue read commands to read the predeter-
mined data written into the memory device (at 504). In some
examples, while the non-destructive write mode and/or the
non-destructive read mode 1s active (and reads are disabled
to the non-volatile memory arrays), the memory device may
route the read command to volatile or temporary memory,
thus preventing the data 1n the non-volatile memory arrays
from being accessed. In other examples, the memory device
may disable the data transfer between the volatile or tem-
porary memory arrays and non-volatile memory arrays, such
that when the precharge and activate commands are received
by the memory device no data 1s transferred between the
temporary or volatile memory arrays and the non-volatile
memory arrays.

At 508, the process 500 includes determining whether the
timing 1s correct. For example, the external source and/or the
memory device may determine 1f the timing 1s correct. To
illustrate, when the timing associated with reading data 1s
being calculated, predetermined data may be written into the
temporary memory (e.g., at 504) and then the data read from
the temporary memory array (e.g., at 506) may be compared
with the predetermined data to determine if the timing 1s
correct. For example, with respect to the read timing, if the
data that 1s read from the temporary memory array matches
the predetermined data that 1s written to the temporary
memory array, then the timing 1s correct. If the timing 1s
correct, the process 500 may proceed to 510. However, if the
timing 1s incorrect, the process 500 advances to 512 1n order
to adjust the read timing. The process 300 then returns to
506. In this manner, the external source may calibrate the
timing requirements associated with the memory device by
repeatedly adjusting timing at 512 and re-reading data at 506
to the temporary memory arrays without inadvertently over-
writing the data stored in the non-volatile memory arrays.

At 510, the process 300 includes enabling write back to
non-volatile memory. For example, the memory device
and/or the external source may re-enable the write back to
the non-volitale memory arrays. To illustrate, the external
source may enable the write back 1n response to determining,
that the write and the read timing 1s correct. In other
examples, the write back may be enabled and/or the non-
destructive write mode and/or the non-destructive read mode
may be disabled upon a completion of the calibration
sequence and/or the mitialization sequence of the memory
device. In some specific examples, the writes may be
enabled and/or the non-destructive write mode and/or the
non-destructive read mode may be disabled in response to
the completion of a power up or mnitialization sequence of an
clectronic device associated with the memory device.

Although the subject matter has been described in lan-
guage specific to structural features, 1t 1s to be understood
that the subject matter defined 1n the appended claims 1s not
necessarily limited to the specific features described. Rather,
the specific features are disclosed as illustrative forms of
implementing the claims.

What 1s claimed 1s:

1. A memory, comprising;:

an array of non-volatile memory cells;

a register that stores a value, wherein the value determines
that the memory 1s 1n one of a normal operation mode
and a non-destructive operation mode;

control circuitry coupled to the array of non-volatile
memory cells and the register, wheremn the control
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circuitry 1s configured to prevent operations associated
with an activate command received by the memory
when the memory 1s in the non-destructive operation
mode.

2. The memory of claim 1 further comprising:

an array ol volatile memory cells coupled to the control
circuitry and the array of non-volatile memory cells,
wherein when the value in the register determines that
the memory 1s in the normal operation mode, the
memory responds to an activate command recerved by
the memory by loading data stored in the array of
non-volatile memory cells mto the array of volatile
memory cells.

3. The memory of claim 1 further comprising;:

storage elements not in the array of non-volatile memory
cells, wherein when the value in the register determines
that the memory 1s 1n the non-destructive operation
mode, memory operations access the storage elements
not 1n the array.

4. The memory of claim 1 further comprising:

a temporary memory array, wherein when the value in the
register determines that the memory 1s 1n the non-
destructive operation mode, memory operations access
the temporary memory array.

5. The memory of claim 1, wherein the control circuitry
1s configured to block writes to the array of non-volatile
memory cells when the value 1n the register determines that
the memory 1s 1n the non-destructive operation mode.

6. The memory of claim 1, wherein the register 1s a mode
register.

7. The memory of claim 1, wherein the memory 1s
configured to store the value 1n the register 1n response to a
command received from a memory controller.

8. The memory of claim 1, wherein the register defaults

to a value corresponding to the non-destructive operation
mode.

9. The memory of claim 8, wherein the register defaults
to the value corresponding to the non-destructive operation
mode on power up or reset.

10. The memory of claim 8, wherein the memory exits the
non-destructive operation mode automatically on comple-
tion of a calibration procedure.

11. The memory of claim 1, wherein the register includes
a flip flop, a latch, or a storage element.

12. The memory of claim 1, wherein the register 1s a
non-volatile register.

13. The memory of claim 1, wherein the array of non-

volatile memory cells includes magnetic random access
memory (MRAM) cells.
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14. A memory, comprising:
an array of non-volatile memory cells; and
control circuitry coupled to the array of non-volatile
memory cells, wherein the control circuitry 1s config-
ured to prevent write operations to the array of non-
volatile memory cells when the memory i1s in the
non-destructive operation mode such that there 1s no
overwriting of data stored in the array of non-volatile
memory cells.
15. The memory of claim 14, wherein the memory 1s
placed 1n the non-destructive operation mode based on an
input signal received by the memory.
16. The memory of claim 15, wherein the input signal 1s
applied to a pin on the memory.
17. The memory of claim 14, wherein the control circuitry
1s configured to 1gnore activate commands received by the
memory when the memory 1s 1n the non-destructive opera-
tion mode.
18. The memory of claim 14, wherein the control circuitry
1s configured to prevent operations associated with an acti-
vate command received by the memory when the memory 1s
in the non-destructive operation mode.
19. The memory of claim 14, the control circuitry 1s
configured to access storage elements not 1n the array of
non-volatile memory cells when the memory 1s in the
non-destructive operation mode.
20. A system, comprising:
a memory that includes:
an array of memory cells;
a temporary memory array;
a programmable register that stores a value, wherein the
value determines that the memory 1s 1n one of a
normal operation mode and a non-destructive opera-
tion mode;
control circuitry coupled to the array of memory cells,
the temporary memory array, and the register,
wherein the control circuitry i1s configured to:
block writes to the array of memory cells when the
value stored in the register indicates that the
memory device 1s in the non-destructive mode of
operation; and

allow writes to the temporary memory array when
the value stored in the register indicates that the
memory device 1s 1n the non-destructive mode of
operation; and

a memory controller coupled to the memory, wherein the

memory 1includes a write leveling mode i1n which

timing adjustment corresponding to a data strobe signal
and a clock occurs, wherein the memory 1s configured
to output leveling feedback to the memory controller

during the write leveling mode.
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